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PURPOSE. The color of the ceramic restorations is affected by various factors such as brand, thickness of the 
layered the ceramic, condensation techniques, smoothness of surface, number of firings, firing temperature and 
thickness of dentin. The aim of this study was to evaluate the color change and surface roughness in dental 
porcelain with different thicknesses during repeated firings. MATERIALS AND METHODS. Disc-shaped (N=21) 
metal-ceramic samples (IPS Classic; Ivoclar Vivadent; Shaar, Liechtenstein) with different thickness were exposed 
to repeated firings. Color measurement of the samples was made using a colorimeter and profilometer was used 
to determine surface roughness. ANOVA and Tukey tests with repeated measurements were used for statistical 
analysis. RESULTS. The total thickness of the ceramics which is less than 2 mm significantly have detrimental 
effect on the surface properties and color of porcelains during firings (P<.05). CONCLUSION. Repeated firings 
have effects on the color change and surface roughness of the dental ceramics and should be avoided. 
[J Adv Prosthodont 20U;309-16] 
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INTRODUCTION 

Color change assessment is a complex and psycho-physio- 
logical process which depends on many variables. The den- 
tin tissue which shows variable translucency and has various 
thickness is considered to be the main source for tooth col- 
or. The perceived tooth color is a result of returning light 
which reflects from the enamel surface and comes out 
inside the enamel and dentin. 1 The color of the ceramic 
restorations is affected by various factors such as brand, 1 " 3 
thickness of the layered the ceramic, 3 condensation tech- 
niques, 2 smoothness of surface, 4 number of firings 5,6 and 



firing temperature 3 and thickness of dentin. 7 ' 8 External view 
of the layered ceramic may show a specific variability 
depending on the thickness of the core and veneering 
ceramic. If the thickness of ceramic is insufficient, it 
becomes hard to achieve clinically the ideal color. In previ- 
ous studies, 9 it was reported that the feature of translucen- 
cy 10 and shade of ceramic 11 may depend on the type and the 
thickness of ceramic material. 

In certain studies, 5 ' 6,12,13 the effect of the number of fir- 
ings on color change was investigated and it was generally 
found that the color didn't change noticeably. However, in 
other studies, 2,14,15 it was considered that the noticeable col- 
or change occurred as a result of repeated firings. 

The most accurate and objective evaluation of color dif- 
ferences can be made by devices such as colorimeter and 
spectrophotometer. 16,17 In dentistry, the results of color 
measurements are variable because standardized illuminat- 
ing light may spoil, move to incorrect directions, may be 
absorbed, transmitted and reflected while diffusing from 
the colorimeter due to translucent and optical properties of 
tooth and dental ceramics. 18 

The determination of color change is usually performed 
using the Commission Internationale de I'Eclairage (CIE) 
color system (Fig. 1). This system shows the color parame- 
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ters (L*, a*, b*) and the color change (AE). 19,20 AE value 
reports whether or not there is a color change that notice- 
able for human eye. If AE value is more than 1, the color 
change can be noticed visually by %50 of human beings. 
However, because of the uncontrolled factors in oral envi- 
ronment, the color change is clinically acceptable, if the AE 
value is 3.7 and less. 20,21 

In CIELab system, all colors relatively matches with the 
mixture of mainly red, green and blue. The values of blue, 
green and red have been mathematically converted into 
L*a*b* scale and the space of color have been determined. 
L* axis gives the coordinates of lightness and darkness and 
these coordinates change between 0 (extremely dark) and 
100 (extremely light). Negative a* axis gives chromatically 
the green and positive a* axis gives chromatically the red. 
The positive b* axis gives chromatically the yellow and neg- 
ative b* axis gives chromatically the blue. 22,23 

The surface of dental restorative materials needs to be 
polished and smooth; otherwise, rough surfaces result in 
decreased in flexural strength, 24 increased surface staining 
on teeth due to the increased abrasion in opposing tooth 
surfaces 25 and accumulation of plaque and calculus. 26,27 As a 
result, the susceptibility to infection in oral soft tissues and 
caries increases 28,29 and the esthetic quality of the restoration 
can decrease. 30 Smoothness of dental ceramics may be 
achieved by glaze method. The glaze method involves subject- 
ing dental porcelain to temperatures that are 20°C to 60°C, 
lower than the fusing temperature of the porcelain. 31,32 

The aim of this study was to evaluate the color change 
and surface roughness in dental porcelain with different 
thicknesses during repeated firings. The null hypothesis of 
the study is that the repeated firings significantly affect the 



color and the surface roughness of the restorations. 
Repeated firings also damage surface characteristics and 
dentin thickness of the restoration may spoil ideal color of 
porcelain. 

MATERIALS AND METHODS 

Totally 21 disc-shaped metal-ceramic samples (IPS Classic, 
Ivoclar Vivadent, Shaar, Liechtenstein) were prepared. 
Base-metal alloy (Colado NC, Ivoclar Vivadent, Shaar, 
Liechtenstein) containing nickel-chrome with 0.5 mm thick- 
ness was used as substructure. A custom made two-pieces 
teflon mold which allows the standardization 33 was used for 
preparation of the samples (Fig. 2). First piece had a 10 
mm diameter piston which attached to cylindrical cavity of 
the second piece with a screw system and could rise and 
descend in the cavity. First part was divided into 10 equal 
ranges with this screw system. When it was calibrated based 
on zero point, piston was moves downward with a sensitivi- 
ty of 0.1 mm with one unit turn and piston was descended 
1.0 mm with 10 turns. The piston adjusted to the depth of 
the cavity, attached lower piece was turned about amount 
of the necessary volume and the needed ceramic thickness 
was determined. Veneering porcelain was condensed and 
hand vibrated; excess moisture was removed with absor- 
bent paper tissue to minimize porosity and then firing pro- 
cess was performed according to manufacturer's instruc- 
tions (Ivoclar Programmat P90, Ivoclar Vivadent AG, 
Schaan, Lich ten stein). 

The samples were divided into 3 groups (N=7) accord- 
ing to dentin thicknesses. The total thickness of the disc- 
shaped metal-fused porcelain samples were arranged 1.4 
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mm for 1 st group, 1.7 mm for 2 nd group, 2 mm for 3 rd 
group. 

For glaze process, the glaze paste and liquid were mixed 
on a clean glass slab and applied to the all sample in a 
homogeneous texture by one experienced clinician. The 
glaze process was conducted in accordance with manufac- 
turer's instructions. 

The first glazing processes for each group were deter- 
mined as control firing group. Then, every sample was sub- 
jected to repeated firings up to seven times. The glaze paste 
smeared on the surfaces of samples before each firing. 
Color measurements were performed and recorded for each 
sample in control groups (C), 1 st , 3 rd , 5 th and 7 th firings. 

Color measurement of the samples was made using a 
colorimeter (Minolta CR 321, Konica Minolta, Tokyo, 
Japan) (Fig. 3). Color measurement was performed from 3 
different points of each sample. The instrument calibration 
was evaluated after the measurement of each group and 
then the instrument was recalibrated. The CIE Lab values 
of measurements of each sample were determined and 
recorded. 

The color analysis of samples was made for control, 1 st , 
3 rd , 5 th and 7 th firings. Total color differences (AE) were cal- 
culated using the following equation : AE* = [(AL*) 2 + 
(Aa*) 2 + (Ab*) 2 ] 172 . AL, Aa and Ab are the differences in the 
CIE color-space parameters of the 2 colors. 33 

A Perthometer M2 (Mahr GmbH, Gottingen, Germany) 
(Fig. 4) device was used to determine surface roughness. In 
this study, the measurement rate was designated as 5.6 mm, 
the cut off value as 0.25 mm, and sampling width as N=5. 
The mean surface roughness (Ra) values of every sample 
were recorded. The measurements were carried out at the 
central positions of the samples. 

Statistical analysis of the results for the repeated mea- 




Fig. 3. Colorimeter (Minolta CR 321, Konica Minolta, 
Tokyo, Japan). 



surements was performed using ANOVA test. The Tukey 
test was used to determine whether the differences originat- 
ed by conjunction. ANOVA and Tukey tests were per- 
formed for each color changes value (AE) and surface 
roughness value (Ra) using SPSS 11.5 (SPSS Inc., Chicago, 
IL, USA). 

RESULTS 

According to the repeated firings and thickness, results of 
color change characters (AL, Aa, Ab) and the color change 
(AE) were showed in Table 1 and results of surface rough- 
ness were showed in Table 2. AE value showed the mini- 
mum value at first firing after control firing in samples with 
2 mm-thickness (2.59) (Fig. 5). AE values were below 3.7, 
clinically acceptable, only for 3 fd -5 th and 5 th -7 th firings of 1 .4 
mm thickness and C-l st and 3 fd -5 th firings of 2 mm thick- 
ness. When passed on the 3 rd firing from control, AE values 
raised in all porcelains and this rise increased as the number 
of firings increased. Surface roughness (Ra values) were 
decreased for all groups during the repeated firings and Ra 
value showed minimum value at 7 th firing of 1.7 mm thick- 
ness (Fig. 6). According to the results of ANOVA test; 
findings were statistically significant for the test conducted 
(P<.05). The confidence interval for the ANOVA test was 
determined as 95%. The number of sub-units in each 
groups was determined as N=7. Tukey tests were also sup- 
ported the results of ANOVA. Generally, the analysis of 
the color parameters, the AE-color changes and the 
Ra-average surface roughness values in terms of different 
thickness showed statistically significant results (P<.05) 
(Table 3). Analysis of the Ra-average surface roughness val- 
ues in terms of repeated firings were found statistically sig- 
nificant (P<. 05) (Table 4). 




Fig. 4. Perthometer M2 (Mahr GmbH, Gottingen, 
Germany). 
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Table 1. The mean and standard deviation values of AE, AL, Aa and Ab parameters for different thickness and repeated 
firings 











A I 




z\a 




A K 

IAD 




Thickness 


Firings 


Mean 


SD 


Mean 


SD 


Mean 


SD 


Mean 


SD 


1 .4 mm 


C-1 st 


5.3529 


2.41497 


-2.8157 


4.59726 


-0.3057 


1 .44626 


1 .2429 


2.21740 




C-3 rd 


9.4743 


2.94691 


-6.5157 


5.99898 


-3.1643 


1 .46331 


3.2514 


1 .37644 




C-5 th 


10.8300 


4.18907 


-9.0100 


5.50210 


-2.3943 


1.56788 


4.0000 


1 .29949 




C-7 th 


11.1286 


3.87922 


-9.7486 


4.46137 


-3.5029 


1.61304 


2.8729 


1 .53757 




1 st -3 rd 


5.5929 


1 .83995 


-2.2071 


4.40941 


-2.7757 


0.33181 


2.0086 


1.00418 




3 rd -5 th 


3.2586 


1 .26696 


-2.4171 


2.21826 


0.7700 


0.38004 


0.7486 


0.89126 




5 th_ 7 th 


2.6814 


1.01203 


-0.7386 


2.38979 


-1.1071 


0.35500 


-1.1271 


0.56721 


1 .7 mm 


C-1 st 


4.8700 


1.17870 


-4.0000 


1.96105 


-0.5343 


1.10485 


-0.1843 


2.23384 




C-3 rd 


7.4371 


4.03384 


-4.8929 


3.11131 


-1.4229 


1.17758 


-4.4843 


4.01099 




C-5 th 


11.7671 


3.30870 


-7.1971 


2.62342 


-2.9386 


1.02417 


-8.5814 


2.86712 




C-7 th 


14.5929 


4.42310 


-1.1557 


4.44740 


-3.0786 


1.63771 


-8.2514 


3.16569 




1 st -3 rd 


4.7986 


2.36569 


-1.3214 


2.57541 


-0.9729 


0.56237 


-4.0400 


2.15893 




3 rd -5 th 


5.2343 


1 .80283 


-1.9771 


2.24578 


-1.5157 


0.44064 


-4.0971 


1 .79538 




5 th_ 7 th 


4.8629 


2.35434 


-3.6886 


3.47815 


-0.1400 


1.10866 


0.3686 


1 .95360 


2 mm 


C-1 st 


2.5929 


1 .48279 


-0.0143 


2.67793 


-0.3614 


0.41091 


-1.1629 


1.18273 




C-3 rd 


6.3671 


2.18667 


-5.1214 


3.49727 


-0.1 186 


0.36830 


-2.6829 


0.87861 




C-5 th 


6.3457 


1.91750 


-5.5200 


2.25118 


-0.6129 


0.31837 


-2.8186 


0.55909 




C-7 th 


12.3000 


3.79733 


-9.2986 


5.71367 


0.3157 


0.26450 


-6.9400 


1 .05739 




1 st -3 rd 


5.3957 


1 .93022 


-5.1114 


1 .92981 


0.2429 


0.20048 


-1 .5200 


0.85965 




3 rd -5 th 


2.8290 


1.74915 


-0.3943 


2.33003 


-0.4943 


0.17738 


-0.1357 


0.37425 




5 th_ 7 th 


5.6700 


2.03879 


-3.7571 


4.40154 


0.9286 


0.26220 


-3.9286 


0.52860 


Table 2. The mean and standard deviation of Ra values for different thickness and repeated firings 




Thickness 




Firings 






Mean 




SD 






1 .4 mm 




Control Group 






1.9571 




0.65283 










1 st 






1 .4429 




0.34087 










3 rd 






1.1714 




0.39461 










5 th 






0.9714 




0.52190 










7 th 






0.8286 




0.27516 






1 .7 mm 




Control Group 






1 .5429 




0.41173 










1 st 






0.9286 




0.13801 










3 rd 






0.9000 




0.37417 










5 th 






0.5000 




0.10000 










7 th 






0.4000 




0.20000 






2 mm 




Control Group 






1 .3286 




0.71348 










1 st 






0.6857 




0.12150 










3 rd 






0.6714 




0.24976 










5 th 






0.4714 




0.12536 










7 th 






0.4571 




0.16183 
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Table 3. Mean differences of Ra and AE values for 
different thickness 



Thickness 


Thickness 


Mean difference 


Mean difference 


(1) 


(J) 


(l-J) 


(l-J) 






Ra 


AE 


1 .4 mm 


1 .7 mm 


0.42* 


-0.749 




2.0 mm 


0.55* 


1.081* 


1 .7 mm 


1 .4 mm 


-0.42* 


0.749 




2.0 mm 


0.13 


1 .830* 


2.0 mm 


1 .4 mm 


-0.55* 


-1.081* 




1 .7 mm 


-0.13 


-1.830* 



"P<.05. 



Table 4. Mean differences of Ra values for repeated 
firings 



i i r i r iyb \\) 


rinrigb [J) 


iviydi i uniyryi lufc; v i~Jj 


Control group 


1 st 


0.590* 




3 rd 


0.695* 




5 th 


0.962* 




7 th 


1 .048* 


1 st 


3 rd 


0.105 




5 th 


0.371* 




7 th 


0.457* 


3 rd 


5 th 


0.267* 




7 th 


0.352* 


5 th 


7 th 


0.086 



k P<.05. 




1.4 mm 
1.7 mm 
2.0 mm 



Fig. 5. AE Value changes of different thickness for 
repeated firings. 




Control 
group 



Fig. 6. Ra values changes of different ceramic thickness 
for repeated firings. 



DISCUSSION 

The null hypothesis of the study, the porcelain thickness 
and repeated firings significantly affect the color of the res- 
toration and they damage surface characteristics of porce- 
lain, was sustained. The colors of metal-based ceramic sam- 
ples used in this study were affected by firings. However, 
the color change was at clinically acceptable level when the 
metal-based porcelain with ideal thickness (2 mm thickness 
of porcelain together with 0.5 mm metal substructure) was 
glazed once again after the first glaze. In the other firings 
and porcelain thicknesses excluding the one mentioned 
above the color change reached undesirable levels. This 
reports us that the porcelain thickness is very important in 
metal-based ceramics and repeated firings should be avoid- 
ed. When the changes in AE value between repeated firings 
were examined it was seen that the values generally changed 
between 2.59 and 14.59 (Table 1). 



AL is a parameter that measures the amount of light- 
ness-darkness of color. In present study, AL* value 
increased as the number of firing increased, the reason was 
probably devitrification and opacity of porcelain surfaces. 
When the AL values between control and 1 st firing groups 
were evaluated it could be remarked that AL value didn't 
change so much, but AL values between control and the 
other firing groups (1 st , 3 rd , 5 th and 7 th ) were increased 
remarkably. However with the increased number of firings 
as result of the increase of the AL* values the least affected 
group is the group with 2 mm thickness of porcelain. 

When the Aa color parameter was evaluated, the differ- 
ence between control and 1 st firings was minimal. Aa values 
increased for 1.4 and 1.7 mm thickness and decreased for 
the 2 mm thickness with increased number of firing. This 
value especially showed upward tendency in porcelains 
especially with 1.4 and 1.7 mm thickness as the number of 
firing increased, however for the porcelains with 2 mm 
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thickness, this value showed minimal difference. Generally, 
the Aa values showed negative tendency but the Aa results 
for porcelains with 2 mm thickness were not so significant 
and it was not at clinically critical level. 

The a* value is related to the red-green parameter of 
color and in present study, Aa showed negative values and 
the green character of color was clarified for the samples 
with 1.4 and 1.7 mm thickness. The b* value indicates the 
yellow-blue characters, therefore in present study, as Ab 
shifted to negative, the color at firings following the 1 st 
repeated firings showed a tendency to blue in the samples 
with 1.7 and 2 mm thicknesses and to yellow in porcelains 
with 1.4 mm thickness. Moreover, the results of Aa and Ab 
showed that the porcelain thickness was important. If por- 
celain got thinner discoloration occurred, additionally that 
the great number of firing affected the color negatively, 
however they also showed that only the 1 st repeated firing 
did not noticeably damage the color components. 

The repeated firings may cause opacity and, to minimize 
this, repeated firings should be avoided and, in this respect, 
especially the preparation of porcelain at the ideal thickness 
is an important factor. 

The color change occurs because repeated firings affect 
metal oxides in porcelains. 34 In previous studies, it was stat- 
ed that metal oxides did not have stable structures and fir- 
ing temperatures broke pigments and the color change 
occured. 35 ' 36 In present study, the color parameters changed 
parallel with the other studies. Mulla and Weiner, 37 reported 
that color change occurs especially after the first firing 
same with our study. These changes were mostly towards 
orange and blue. Ozturk et a/. 15 stated that repeated firings 
and various dentin thicknesses changes AE value higher 
than 3.7 in IPS e-max porcelains and yellow component of 
color became noticeable. These results are similar with our 
study and yellow component of color became clear in sam- 
ples with 1.4 mm thickness after 1 st additional firing. 

When Ra which shows the average roughness of surface 
was evaluated, it was seen that average-Ra in the porcelain 
with 1.4 mm thickness was 1.95 \im in control step. It 
decreased to 0.82 urn in 7 th firing and roughness moved to 
smoothness as the number of firing increased. Likewise, Ra 
in porcelains with 1.7 mm thickness decreases from 1.54 
\im to 0.4 u,m, Ra in porcelains with 2 mm thickness 
decreases from 1.32 um to 0.45 um. That is to say; surface 
roughness decreased as the number of firing increased 
regardless of thickness. However this decrease occurs 
because of detrimental-physical effect of excessive firings 
on surfaces. The number of firings increased the surface 
smoothness; however as this situation occurred by deform- 
ing the porcelain repeated firings are not desired for metal 
based porcelains and if needed, only one repeated firing 
can be made after the 1 st firing. It can be concluded that as 
firings increased the surface smoothness gets noticeable in 
the porcelains with 1.4 and 1.7 mm thickness, this increase 
wasn't so distinct in the porcelains with 2 mm thickness. 
This condition reports us that if the porcelain is thinner 
than it should be, it can be affected more by the repeated 



firings and probably can deteriorate more. Therefore, as it 
is in the results of color analysis, it is very important that 
the porcelain thickness should be in optimal level. 

Generally, AE increased as the number of firing 
increased and Ra values decreased in inverse proportion 
and the porcelains with 2 mm thickness showed the best 
results in terms of porcelain aesthetic and its ideal physical 
features. 

The effect of factors such as thickness and repeated fir- 
ings on color and surface roughness indicates color change. 
Cubas et a/. 38 stated that there was significant changes in 
color parameters together with the increase in the number 
of firings, which is in accordance with the present study. 
The changes in parameters revealed improper values in AE 
in Cubas et a/.'s 38 study, parallel to present study. Yilmaz et 
al. 39 , reported that repeated firings significantly changed the 
color of a dental ceramic in 3 rd and 4 th firings. In present 
study, the color change occurs in initial firing after the 1 st 
repeated firing. 

As the number of firings increases, dimensions of the 
pores cause an increase at the rigidity of porcelain and a 
decrease at the flexibility of porcelain. Repeated firings also 
cause porcelain's color pigments to burn and create devitri- 
fication. Barghi 40 researched the effect of repeated firings 
on color and glaze and found that after nine firings, a natu- 
ral glaze layer appears on the surface and the choice of 
metal alloy did not affect the color or glaze. Mackert and 
Williams 41 researched the effects of repeated firings on the 
formation of micro fractures in the porcelain and they con- 
cluded that repeated firings affected the frequency of micro 
fracture after 1 st , 3 rd , 7 th and 1 5 th firings, but this finding was 
not clinically significant. 

Barghi 40 stated that the glazed layer melted to some 
extent, and by filling the gaps on the surface, it increased 
the smoothness. Yilmaz and Ozkan 42 further stated that the 
best material in terms of surface smoothness was found to 
be IPS Classic, a metal-reinforced ceramic of feldspathic 
structure, and the best method was found to be the glaze 
method. As the number of firings increased, the surface 
roughness decreased. The decrease in surface roughness 
and increase in smoothness during repeated firings deform 
the glaze layer, in turn altering the surface form. In present 
study, in a parallel with Yilmaz and Ozkan's 42 study, as the 
number of firings increased the surface roughness 
decreased in the same way glaze layer deteriorated. 

In order to obtain a natural appearance in ceramic res- 
toration, it is need to combine porcelain layers which have 
different opacity and color. Most ceramics consisted of two 
layers one of which is a strong substructure and the other 
is a weaker veneer porcelain which has different opacity, 
color and thickness in order to keep the aesthetic appear- 
ance. 43 The thickness of core, veneer and other ceramic 
materials, which occurred the result of this ceramic combi- 
nation was indicated as a critical point for the final appear- 
ance of all-ceramics 44,45 or metal-ceramics. 12,13 Shokry et al? 
examined the effect of thickness on color and stated that 
when thickness increased the AE value changed and it was 
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found that core/ veneer relationship affected a* and b* val- 
ues. Jalali et al. 43 , reported that thicknesses and substructure 
caused a detectable color mismatch in clinically relevant 
core-veneer thicknesses of IPS Empress 2. As parallel to 
Shokry et a/. 8 and Jalali et a/., 43 in present study, thickness is a 
significant factor and when thickness decreased the AE val- 
ue changed more and a* and b* values were affected more 
by this condition. 

In dentistry, the results of the colorimeter device may 
be variable since the standardized light may be corrupted, 
absorbed, transmitted and may move to wrong directions 
because of the translucent, optical features of tooth and 
dental ceramics. 18 However, with the use of these small 
aperture devices, a considerable fraction of the light enter- 
ing the material assessed is lost, because it emerges on the 
surface outside the window of measurement. This loss of 
light is termed edge-loss, and may be a cause of color mea- 
surement errors. 18 ' 23,42 The edge-loss effect may occur par- 
ticularly when translucent materials are used and the diame- 
ters of the materials are smaller than diameter of the color- 
imeter. 23 ' 42 The materials used in the study were translucent 
and this can affect the results of the study. Therefore, 
increasing the number of both clinical and laboratory stud- 
ies using various assessment devices and examining the col- 
or measurement of devices such as colorimeter and spec- 
trophotometer will be useful. 

CONCLUSION 

Repeated firings significantly affected the AE-color changes 
and the Ra- average surface roughness values (P<.05). The 
repeated firings increased the surface smoothness but they 
caused deterioration on the surface. 

As the number of firings increased surface features 
became clinically undesired levels.The firings deteriorated 
the color features of porcelain and this was the primary 
factor for the color change. 

The AL* values were prominently increased by repeated 
firings. However, if it is necessary, only one additional fir- 
ing is not seen as a serious problem for AL* value of the 
porcelains with 2 mm thickness. The Aa* value for the por- 
celains with 2 mm thick-ness was not affected by firings. 
However it is not the same for the other samples. 

The Ab* value, was not affected by the 1 st firings but 
Ab* values were significantly affected by repeated firings of 
porcelain with 1.7 mm thickness. If the total thickness of 
porcelain is less than 2 mm (together with the 0.5 mm met- 
al substructure), repeated firings will have significant detri- 
mental effect on the surface properties and color of porce- 
lains. Therefore, repeated firings should be avoided. 
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